The consideration of short-range order in the melts of close-packed metals is represented on the basis of analysis of all distinguishing maxima on the radial distribution function (RDF) of atoms in the ordered region.
SOBOSOSOB7>
The procedure to determine structure parameters in liquid metals by diffraction study is described in Part I of our report. Here an attempt is made to find out common and distinguishing features of liquid metals having close-packed premelting structures.
In a first approximation, the close-packed crystal structure of metals may be assumed as a regular packing of spherical atoms in a short-range order. The contribution of the directional interaction there is significantly less than in metals of friable structures. The denser atomic packings occur also in their melts and result in different values of the important ratios, such as S2/S1 = 1.80 -1.90; = 1.81 -1.93.Their structures in the liquid state are much closer to the parameters of the simple liquid model (DRPHS).
A complete analysis of all features of the structural factors and RDFs is necessary to discover short-range order in the melts.
Comparing the first maximum abscissas of liquid fee metals with their line polyciystalline diagrams, agreement with (111) reflection is found at an accuracy of 1%. The shortest interatomic distance in the crystal, r®, is close to the abscissa of the first coordination RDFs maximum. The square under the first peak is on the average near z^1" = 11. On the basis of this data it has often been confirmed that the ordering in the melt corresponds to a crystal-like model /1,2/. Nevertheless, a more detailed analysis excludes this conception. Figure 1 represents the structural factor of liquid nickel /3/. The agreement between some maxima and polycrystalline reflections cannot be considered as Table   2 ). The appearance of the bcc symmetry elements in the nearest coordinations is accompanied by a reasonable
in the value of r,®® after melting. In this case, the magnitude At is greater than when those fee metals melt, having no "shoulder" on the first maximum of RDF (Co, Ni, Cu).
The elements of the bcc structure come into being in the melt due to the directional interaction of delectrons. Their space density distribution is distinct This defines the form of the ions as being close to spherical. The packing density η in liquid Co, Ni and Cu is almost equal to η = 0.64, characteristic of DRPHS, and coordination numbers agree with the magnitude of 8 to 9 found by J. Bernal in the random irregular packings of hard identical spheres /4Λ Thus, for the liquid metals Co, Ni, Cu and Al, the model on the basis of an icosahedron in the first coordination may be applied. As for the melts of Ag, Au, Pb, the same ordering is predominant, too, together with its bcc-like distortion in two of the nearest coordination spheres.
The bcc polymorphous modification precedes, as a rule, the transition of the metal into the liquid state. In the course of the fee bcc transition, like during the melting of fee metal, an increase AV a in the atomic Here a is a lattice parameter. One can see that the higher the packing density, the weaker is the dependence of the magnitude of V a on rj:
Therefore, more intensive growth of the V a (r0 function of bcc and DRPHS structures than that of the fee lattice in the course of heat expansion (as ri increases), may be one of the reasons for the increase in stability of the bcc structure and the liquid phase with DRPHS compared to the fee crystal under higher temperatures.
In order to specify the shortest interatomic distance in a condensed phase at the low boundary of the temperature interval of its existence as η"" 1 and to
consider the values ri and v a , respectively, as the shortest distance and the atomic volume at a given temperature, the dependence of the ratio V a /(rj mm ) 3 on the ratio ri/r™" = r* may be represented graphically (Fig. 4) Γ1Ι. Within the limits of stability of the crystal phase, the change in the value V a occurs in accordance with equations (1) or (2) . If the metal has an fee -bcc transition, then at a certain Τ and, therefore, at a certain magnitude of ri the values ri and V a change abruptly, and further change of the atomic volume proceeds according to Eq. (2) up to the melting point. It is clear from Fig. 4 that the reduction in the distance ri in the course of an fee -bcc transition does not exceed 3% (segment OG), since it would result in a decrease of the atomic volume (see arrows OF and FE). So far as the latter is not possible when the structure becomes more friable, the system passes to a more friable packing, for instance, DRPHS, i.e., it melts and its volume grows (arrow FA). If a short-range order of another kind appears after melting (point K), its packing density is always smaller, and its atomic
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volume is larger, than in DRPHS at the same magnitude of the distance π (arrow KC). From Table 2 it follows that an additional decrease in the shortest interatomic distance takes place in liquid metals as temperature increases. These changes are schematically represented in Fig. 4 by the dotted arrows AB (for liquid Co, Ni, Cu) and CD (for liquid Ag, Au, Pb). They illustrate a difference in the behavior of the heated liquid as compared to the crystal. The increase in the atomic volume of the melt, accompanied by a decrease in the shortest interatomic distance, is a result of the localization of a great part of the free volume in irregularly distributed pores. The latter have larger dimensions than the volume intervals in a crystal. The character of this distribution depends on temperature.
Therefore, the changes in the melt parameters under * * heating do not occur along the cubic parabola V a (r t ), reached by the point after melting. They develop by the way a large quantity of micropassages from one curve V a (η ) to another. These curves follow each other so closely that the melt actually transforms under heating continuously from one short-range order, characterized by the magnitudes T, r,*, V*, η and by the function • · V a (rj), to another ordering, which differs infinitesimally from the previous one.
In contrast to the discrete spectrum öf crystal structures, following each other as temperature rises, the liquid has a continuous spectrum of structural states. In other words, the equilibrium changes in the values of ri and V a in the crystal phase in the stability region of a given modification take place without any rearrangement of atoms and change in symmetry. In the liquid state the statistical picture of atomic distribution changes continuously as temperature increases. Thus, in order to achieve equilibrium structure at some temperature, the melt has to pass along the path AB(BA) under heating (cooling) through all structural states * * corresponding to the dependencies V a (ij), which intersect the path AB(BA). Figure 4 illustrates quite well the above noted difference between the liquid structures of the metals Co, Ni, Cu, Al, on the one hand, and the metals Ag, Au, Pb, on the other hand. Assemblage of the changes in the values of π and V a in the melting process results in ordering close to DRPHS for the first group (arrows OF and FA).
The magnitudes Ar™ (Table 2 and Fig. 4 , arrow OK) are larger in the metals Ag, Au, Pb than in Co, Ni, Cu, Al. This fact is due to the gain in directional interaction in the melt. The short-range order in liquid Ag, Au, Pb noticeably differs from the ordering in DRPHS near the melting point (point C). At the same time, the heating of liquid Co, Ni, Cu in the temperature interval under study leads to a deviation of their structures from the DRPHS, as one can see in Fig.  4 . It is confirmed by experimental data /8/, allowing a conclusion on the appearance of bcc-like ordering in liquid copper under heating up to 1570 K.
The described data on the structure of metallic melts reveal the differences in short-range orders of liquid metals with isomorphous (fee) premelting lattices.
i,os n/r< m '=f The suggested method of exclusion of the truncation effects made it possible to define more exactly the shortest interatomic distances and to redetermine the classification of liquid metals by their structures. Earlier, all liquid metals having close-packed premelting lattices were included in one group on the basis of similarity of the ratios r;/ri (i -a number of RDF maximum), which differs noticeably from corresponding relations in liquid friable metals 191. The negligible differences between the S2/S1 ratios, grouping in the vicinity of the value S2/S1 = 1.86 (in DRPHS), also allows the joining of all close-packed metals together /10,11/.
However, the values of η in 191 were exaggerated as far as they were not refined in connection with the truncation effects. Despite a good agreement of the values S2/S1 among the close-packed metals /10,11/, the corresponding abscissa ratios for the following maxima of the structural factors (S3/S1, S4/S1, and so on) differ from each other noticeably.
Using the corrected magnitudes of the shortest interatomic distances r" in liquid metals near the melting point, we determined different intervals of changes in the ratios n/r". This fact made it possible to separate the melts of close-packed metals into two structure groups /12/.
The first of these includes the liquid metals, in which the ratios Γ,/Γ" are within the following limits: 1.81^2/^° <1.88;2.59Sr 3 /rj a>^2 .74 and 2,Λ2ύτ 2 Ι^<, 3.57. These metals have fee or bcc premelting structures and the profile of the first coordination maximum shows no subsidiary details, such as "shoulders". They are: Co, Ni, Cu, Fe, Al, Cr, Μη, V, Ti, Κ, Na, superheated Zn. Metals with close fee, bcc and hexagonal lattices, which demonstrate a "shoulder" or noticeable asymmetry at the first peak of RDF, were attributed to the second structural group (1.88 < r 2 /ri S 1.93; 2.74 < Γ3/Tj 00 5 2.80 and 3.57 < Wr" 2 3.71). The metals Ag, Au, Pb, In, Pt, Zr, Mg, Cd, the superheated metals Al, Bi and Sb enter this group. The liquid structures of these metals deviate from the parameters of the DRPHS model, although the melts of both separate groups have similar S2/S1 ratios, close to 1.86.
The third group contains liquid elements of friable for all of them the "shoulders" on the first diffraction and coordination maxima are the attributive features. Among the metals of the second group only Zr has a bcc premelting structure. In the rest, the short-range order, containing the elements of this symmetry, appears only after melting. On the contrary, the melts of the first group, even if they have a bcc premelting structure, lose the likeness to this lattice in the melt. Some metals (Cu, Al) acquire the bcc-like structural elements after additional heating in the liquid state.
Apparently, this kind of atomic ordering is actually possible in all liquid metals, but in different temperature intervals. The latter may correspond to both solid and liquid states.
The mutual relations of the r^r" ratios of suggested structure group are shown in Fig. 5 . The intervals of n/r" change inside every group do not overlap corresponding intervals of another one. These intervals move in mutual agreement in all three groups to larger values of the n/r" ratios as one passes from the first to the second group and then to the third one. In this direction the difference compared to the hard sphere model increases. The liquid metals of the first group correspond to the icosahedral model of short-range order better than the others.
The agreeing deviations of the rj/r, 00 ratios from the larger values as premelting lattices become more friable show a lowering of the packing density in the liquid state as well.
The liquid structure depends on temperature. So the melts of Bi, Sb, Ga were included in the third group near the melting point. However, the additional metallization of interaction, resulting from the heating at 100-200 K, changes the short-range order and transfers these metals to the second group.
In their turn, all the metals of the second group show a lowering of the first RDF maximum "shoulder" as temperature rises. Apparently, it proceeds due to breaking of the directional interaction with the participation of d-electrons. It is reasonable to assume that the structure of every metal approaches sphericalsymmetric atomic distribution above a certain tempera- ture. But the packing density of this structure is smaller than in DRPHS. From all described data, it follows that ordering in the first group, characterized by the most symmetric interatomic interaction, is quite universal. It may be realized in different metallic melts under suitable heating.
Short-range ordering in the second group is also real in some temperature interval. It may join the melting point both from below (bcc metals) and from above (the melts of the second group) and may exist in the liquid state at elevated temperatures (the melts of the first and the third groups).
The ordering in the melts of the third group is the most specific one (see Part I of this paper) and appears only in the liquid state of these metals.
So the inclusion of every liquid metal in the classification group was made according to its structure near the melting point. Analysis of structural parameters of liquid metals shows that they have unequal structure susceptibilities. Some of them for instance S2/S1, do not always express certain important details, the ordering being different in one melt from that in another liquid metal.
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Thus, the simultaneous discussion of the characteristics of both the structural factor and RDF, taking into account all maxima in the ordered region, makes it possible to form a noncontradictory conception of short-range order in liquid metals.
